Abstract. The present study was performed to examine the association of the angiopoietin-like protein 8 (ANGPTL8) rs2278426 single nucleotide polymorphism (SNP) and several environmental factors with serum lipid profiles in the Mulao and Han populations. A total of 879 individuals of the Mulao ethnic group and 865 individuals of the Han Chinese ethnic group were included. The serum apolipoprotein (Apo) B level was higher, however the serum ApoA1 level was lower in the Mulao individuals than in the Han individuals (P<0.05 and P<0.001, respectively). The genotypic and allelic frequencies, and the association with the ANGPTL8 rs2278426 SNP were different between the Mulao and Han populations. The frequency of the A allele was 17.80% in Han individuals and 23.04% in Mulao individuals (P<0.001). The frequencies of GG, GA and AA genotypes were 68.79, 26.82 and 4.39% in the Han population, and 60.64, 32.65 and 6.71% in the Mulao population (P<0.005), respectively. A significant association between the SNP and serum lipid traits was only detected in Han females and not in Han males or in the Mulao population. The subjects with GA/AA genotypes had lower low-density lipoprotein cholesterol (LDL-C) and ApoB levels, and higher ApoA1 levels with a higher ApoA1/ApoB ratio than the subjects with the GG genotype in the Han population. Subgroup analyses revealed that the subjects with the GA/AA genotype had lower levels of total cholesterol, LDL-C and ApoB, and a higher ApoA1/ApoB ratio than the subjects with the GG genotype in Han females (P<0.05-P<0.001). Serum lipid parameters were also associated with several environmental factors, including dietary patterns, lifestyle, obesity, physical inactivity and hypertension, in the two ethnic groups (P<0.05-0.001). These findings suggest that there may be an ethnic-and gender-specific association of the rs2278426 SNP and serum lipid parameters.
Introduction
It is well-established that mortality and morbidity occurring as a result of coronary artery disease (CAD) are a critical public health concern worldwide. Traditional CAD risk factors do not fully predict future CAD events (1, 2) and adding modern biomarkers to the standard risk factors has, thus far, only proven to minimally improve individual risk prediction (3, 4) thus underlining the requirement to identify novel biomarkers (5) . Dyslipidemia, abnormal quantities of lipids in the blood, may be used as a biomarker indicating the susceptibility of an individual to CAD (6, 7) . Plasma total cholesterol (TC) (8) , triglyceride (TG) (9) , low-density lipoprotein cholesterol (LDL-C) (10) , apolipoprotein (Apo) B (11), high-density lipoprotein cholesterol (HDL-C) (12) , ApoA1 and the ApoA1/ApoB ratio (13) are traditionally monitored as predictors of dyslipidemia and also the main target for therapeutic intervention, by regulating blood lipid control (14) . Dyslipidemia is well-recognized as a complex trait caused by multiple environmental and genetic factors (14, 15) , and their interactions (16, 17) . In twin and familial studies, 40-60% of the inter-individual variation in plasma lipid phenotypes was explained by heritable factors, such as single nucleotide polymorphisms (SNPs) (18) (19) (20) .
Angiopoietin-like protein (ANGPTL) has a major role in trafficking and lipid metabolism. ANGPTL8, an ANGPTL family member, is located on chromosome 19 open reading frame 80 (c19orf80) in the corresponding intron of DOCK6. ANGPTL8 is expressed in the liver and adipose tissue, and circulates in the plasma of humans (21) . A previous study (22) demonstrated that ANGPTL8 has an important role in lipoprotein metabolism through a functional interaction with ANGPTL3. Co-expression of ANGPTL8 with ANGPTL3 markedly increased plasma TG levels. Expression of ANGPTL8 was reduced by fasting in humans, while overexpression of ANGPTL8 resulted in hypertriglyceridemia (23) . However, the variant in the ANGPTL8 gene has similar effects to complete ANGPTL3 deficiency, which is associated with low plasma levels of LDL-C, HDL-C and TG. Inhibition of ANGPTL8 may be able to provide a novel therapeutic strategy for reducing plasma lipoprotein levels (24) . Recently, a common SNP adjacent to the ANGPTL8 locus, termed rs2278426, was identified as an SNP potentially affecting lipoprotein metabolism. The variant of the allele at this SNP was found to be associated with lower plasma LDL-C, HDL-C and TG levels resulting in a significantly reduced risk of CAD in humans (24) . However, the effect of this SNP on serum lipid levels is not functionally validated and the mechanism for its action remains to be elucidated. Furthermore, the reproducibility of this association has not been detected in a Chinese population thus far. China has been a multi-ethnic country since Ancient times (25) . Among the 56 ethnic groups present in China, the Han ethnic group has the largest population. The Mulao ethnic group, also known as Mulam, is one of the 55 minorities with a population of 207,352 according to the fifth national census statistics of China in 2000. Of this population, 90% live in the Luocheng Mulao Autonomous County in the Guangxi Zhuang Autonomous Region. The history of this minority can be traced back to the Jin Dynasty (265-420 AD) (26) . One previous study has demonstrated that the genetic association between Mulao ethnicity and other minorities in Guangxi was markedly closer than that between the Mulao and Han or Uighur ethnicity (27) . In several previous studies, our group have revealed a significant association between several SNPs (28-31) and serum lipid levels in the Mulao population. To the best of our knowledge, the association between the rs2278426 SNP and serum lipid levels has not been previously examined in the Chinese population. Therefore, the aim of the present study was to assess the association of ANGPTL8 rs2278426 SNP and several environmental factors with serum lipid phenotypes in the Mulao and Han populations.
Materials and methods

Study population.
A total of 879 subjects of Mulao ethnicity who reside in Luocheng Mulao Autonomous County (Guangxi Zhuang Autonomous Region, China) comprising 407 males (46.30%) and 472 females (53.70%) and 865 participants of Han Chinese ethnicity residing in the same location, including 425 males (49.13%) and 440 females (50.87%) were randomly selected from our previous stratified randomized samples. The age range was between 15 and 80 years. The mean age of the Mulao participants was 52.69±14.99 years, whereas that of the Han subjects was 52.29±14.26 years. All participants were essentially healthy rural agricultural workers, with no evidence of disease associated with atherosclerosis, CAD or diabetes. Any participant who had a history of taking medication known to affect serum lipid levels (lipid-lowering drugs, including statins or fibrates, β-blockers, diuretics or hormones) was excluded from the study prior to the blood sample being obtained. The study design was approved by the Ethics Committee of the First Affiliated Hospital, Guangxi Medical University (Nanning, China). Informed consent was obtained from all participants.
Epidemiological survey. The survey was conducted using internationally standardized methods, following a previously described protocol (32). Information on demographics, socioeconomic status and lifestyle factors was collected with standardized questionnaires. Alcohol consumption was quantified as the number of liangs (~50 g) of rice wine, corn wine, rum, beer or liquor consumed during the preceding 12 months. Alcohol consumption was categorized into groups of grams of alcohol consumed per day: 0 (nondrinker), ≤25 and >25. Cigarette smoking status was categorized into groups of cigarettes per day: 0 (non-smoker), ≤20 and >20. At the physical examination, several parameters, including height, weight and waist circumference were measured. Sitting blood pressure was measured three times with the use of a mercury sphygmomanometer (Jiangsu Yuyue Medical Equipment & Supply Co., Ltd., Danyang, China) after at least 5 min of rest and the average of the three measurements was used to indicate blood pressure. Systolic blood pressure was determined by the first Korotkoff sound and diastolic blood pressure was determined by the fifth Korotkoff sound. Body weight, to the nearest 50 g, was measured with a portable balance scale. Height was measured, to the nearest 0.5 cm, using a stadiometer (Shanghai Sangon Biological Engineering Technology & Services Co., Shanghai, China). From these two measurements, body mass index (BMI, kg/m 2 ) was calculated. Waist circumference was measured with a non-stretchable measuring tape.
Biochemical measurements. Venous blood samples of 5 ml were drawn after at least 12 h of fasting. A total of 2 ml of the sample was collected into a glass tube and used to determine serum lipid levels. The remaining 3 ml was transferred to tubes with anticoagulants (4.80 g/l citric acid, 14.70 g/l glucose and 13.20 g/l tri-sodium citrate; Shanghai Sangon Biological Engineering Technology & Services Co.) and used to extract DNA. Measurements of serum TC, TG, HDL-C and LDL-C levels in the samples were performed using enzymatic methods with a Ransod autoanalyzer (Randox Laboratories Ltd., Crumlin, UK and Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). Serum ApoA1 and ApoB levels were detected using the immunoturbidimetric immunoassay using a commercial kit (Randox Laboratories Ltd.). All determinations were performed with an auto-analyzer (Type 7170A; Hitachi Ltd., Tokyo, Japan) in the Clinical Science Experiment Center of the First Affiliated Hospital, Guangxi Medical University (27) (28) (29) (30) .
DNA amplification and genotyping. Genomic DNA of the samples was isolated from peripheral blood leukocytes using the phenol-chloroform method (27) (28) (29) (30) 2 O (DNase/RNase-free). PCR was performed with an initialization step of 95˚C for 7 min, followed by 45 sec denaturing at 95˚C, 45 sec of annealing at 60˚C and 1 min of elongation at 72˚C for 33 cycles. The amplification was completed with a final extension at 72˚C for 7 min. Following electrophoresis on a 2.0% agarose gel with 0.5 µg/ml ethidium bromide, the amplification products were visualized under ultraviolet light. Subsequently, each restriction enzyme reaction was performed with 5 µl amplified DNA, 7.5 µl nuclease-free water, 1 µl of 10X buffer solution and 5 units BseGI (BtsCI) (Shanghai Sangon Biological Engineering Technology & Services Co.) restriction enzyme in a total volume of 15 µl, digested at 55˚C overnight. Following restriction enzyme digestion of the amplified DNA, genotypes of the digestive products were identified using electrophoresis on 2% ethidium-bromide stained agarose gels and visualized under ultraviolet light. Genotypes were identified by an experienced technician blinded to the epidemiological and serum lipid results.
DNA sequencing. The six samples (AA, AG and GG genotypes in the two ethnic groups) detected by the PCR-RFLP were also confirmed by direct sequencing. The PCR product was purified by low melting point gel electrophoresis and phenol extraction and then the DNA sequences were analyzed by Shanghai Sangon Biological Engineering Technology & Services Co. Values of triglycerides were expressed as the median (interquartile range). The difference between the two ethnic groups was determined using the Wilcoxon-Mann-Whitney test. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo, Apolipoprotein.
individuals with TC>5.17 mmol/l and/or TG>1.70 mmol/l were defined as hyperlipidemic (33, 34 Differences in genotype distribution between the groups were calculated using the χ 2 test. The association of genotypes and serum lipid parameters were determined using analysis of covariance. Gender, age, BMI, blood pressure, alcohol consumption and cigarette smoking were adjusted for statistical analysis. Multivariate linear regression analysis with stepwise modeling was performed to evaluate the association of serum lipid levels with genotypes (GA/AA=1 and GG=2) and several environmental factors in the combined population and in, Mulao and Han groups, as well as males and females separately. P<0.05 was considered to indicate a statistically significant difference.
Results
General characteristics and serum lipid levels. The comparison of general characteristics and serum lipid levels between the Mulao and Han populations is summarized in Table I . Body weight, BMI, cigarette smoking levels and diastolic blood pressure were all lower in the Mulao population than in the Han population (P<0.05-0.001), whereas the levels of ApoB were higher in the Mulao individuals than in the Han individuals (P<0.001) and the level of ApoA1 was higher in the Han individuals than in the Mulao individuals (P<0.05). No significant differences were identified in the levels of systolic blood pressure, serum TC, TG, HDL-C, LDL-C, the ApoA1/ApoB ratio, age structure, gender ratio, height and the amount of alcohol consumption between the two ethnic groups (P>0.05 for all).
Results of electrophoresis and genotyping. After the genomic DNA of the samples was amplified using PCR and visualized with 2% agarose gel electrophoresis, products of 387 bp nucleotide sequences were observed in all samples (Fig. 1) . The genotypes identified were termed according to the presence (A allele) or absence (G allele) of the enzyme restriction sites. Thus, the AA genotype is homozygous for the presence of the site (bands at 331 and 56 bp), the GA genotype is heterozygous for the presence and absence of the site (bands at 387, 331 and 56 bp) and the GG genotype is homozygous for the absence of the site (bands at 387 bp; Fig. 2 ). The 56 bp segment is not visible in the gel owing to its fast migratory speed. The genotypes of the rs2278426 SNP are in Hardy-Weinberg equilibrium.
Results of sequencing.
The results are presented as GG, GA and AA genotypes by PCR-RFLP, and the GG, GA and AA genotypes were also confirmed by reverse sequencing (Fig. 3) , respectively. The reverse sequence used as the SNP site was upstream of the sequence, therefore the same base pairs in a row in front of the PCR products influence forward sequencing.
Genotypic and allelic frequencies. The genotypic and allelic frequencies of the rs2278426 SNP in the ANGPTL8 gene are shown in Table II Genotypes and serum lipid levels. As shown in Tables III  and IV , serum LDL-C, ApoA1 and ApoB levels and the ApoA1/ApoB ratio in the Han but not in the Mulao population were different among the genotypes (P<0.05-0.001).
The subjects with the GA/AA genotypes had lower LDL-C and ApoB levels, and higher ApoA1 levels and a higher ApoA1/ApoB ratio than the subjects with the GG genotype.
No differences were observed in serum lipid levels between the genotypes in the Mulao population (P>0.05). Subgroup analyses revealed that serum TC, LDL-C, ApoB levels and the ApoA1/ApoB ratio in Han females but not in males were different among the genotypes (P<0.05-0.001), the subjects with the GA/AA genotype had lower TC, LDL-C and ApoB levels, and a higher ApoA1/ApoB ratio than the subjects with the GG genotype (P<0.05-0.001). No differences in serum lipid levels were identified between the specific genotypes in Mulao females or males (P>0.05 for each).
Relative factors for serum lipid parameters. The multiple linear regression analysis revealed that LDL-C, ApoA1, ApoB levels and the ApoA1/ApoB ratio in the Han population were correlated with the specific genotypes (P<0.05-0.001; 
Discussion
In the present study, it was revealed that the serum ApoB level was higher but serum ApoA1 level was lower in the Mulao population than in the Han population. No significant differences in the levels of TC, HDL-C and LDL-C, and the ApoA1/ApoB ratio between the two ethnic groups were observed. These findings differ marginally from those of our previous studies (28) (29) (30) (31) . This difference may be associated with the sampling method. In addition, dyslipidemia is affected by (16, 17) . The Mulao ethnic group is a conservative and isolated minority. There are numerous cultural customs, including intra-ethnic marriage in this minority. The practice of arranged marriage is common, with decisions regarding future marriages often made during the individual's childhood. Divorce and remarriage are also allowed. Traditionally, females remain with their family until their first pregnancy. Prior to this, the females are often restricted from various social activities.
The wife is usually four or five years older than the husband. Engagement and marriage are socially marked with a payment from the groom to the bride's family. Notably, the preferred marriage arrangement would be the groom's maternal cousin. Therefore, it is theorized that certain hereditary characteristics and genotypes of specific lipid metabolism-associated genes in this population may be different from those in the Han ethnic group (40) (41) (42) .
To the best of our knowledge, the genotypic and allelic frequencies of the ANGPTL8 rs2278426 SNP have not been reported previously in different ethnic groups. In the present study, it was observed that the frequency of the A allele was lower in the Han population than in the Mulao population (17.80 vs. 23.04%; P<0.001). The distribution of the GG, GA and AA genotypes was also different between the two ethnic groups (P<0.005), the frequencies of GA and AA genotypes were lower in the Han than in the Mulao groups, respectively. No significant differences were identified in the genotypic and allelic frequencies between males and females in the two ethnic groups. These results suggest that the prevalence of the ANGPTL8 rs2278426 SNP may have an ethnic preponderance. In the current study, it was also identified that serum LDL-C, ApoA1, ApoB levels and the ApoA1/ApoB ratio in the Han group were different among the genotypes (P<0.05-0.001). The subjects with the GA/AA genotype had lower LDL-C and ApoB levels and higher ApoA1 levels and a higher ApoA1/ApoB ratio than the subjects with the GG genotype, but these findings were restricted to females. Serum TC, LDL-C, ApoB levels and the ApoA1/ApoB ratio in Han females, but not in males were significantly different among the genotypes (P<0.05-0.001), the subjects with GA/AA genotype had lower TC, LDL-C, ApoB levels and a higher ApoA1/ApoB ratio than the subjects with the GG genotype. These findings suggest that there may be an ethnic-and gender-specific association of the ANGPTL8 rs2278426 SNP and serum lipid levels.
Environmental factors, including dietary patterns, lifestyle, obesity, physical inactivity and hypertension may substantially affect serum lipid levels (14, 15) . In the present study, it was also detected that serum lipid parameters were associated with age, gender, alcohol consumption, cigarette smoking, BMI, fasting blood glucose levels and blood pressure in the two ethnic groups. These data suggest that environmental factors also have an important role in determining serum lipid levels in the two populations. With the improvement in local living standards, the dietary intake of the Mulao population has changed gradually. However, the Mulao population generally eat cold foods and acidic and spicy dishes. Therefore soy beans and preserved vegetables are popular dietary sources. Animal offal is also commonly eaten, which has high levels of saturated fatty acids. High-fat diets, particularly those with abundant saturated fatty acids raise blood cholesterol concentrations and predispose individuals to CAD (43) . Numerous studies have also stated that daily eating habits can markedly affect serum levels of ApoB, ApoA1 and their ratio, and which in turn can lead to an increased risk of CAD (44) (45) (46) . In the present study, it was identified that the level of ApoB was higher in the Mulao than in the Han individual and the serum ApoA1 level was higher in the Han than in the Mulao individuals. This may be partly attributed to the difference in daily eating habits between the Mulao and Han populations.
The present study demonstrated that the genotypic and allelic frequencies of the ANGPTL8 rs2278426 SNP were different between the Mulao and Han populations. The subjects with the GA/AA genotype in the Han but not in the Mulao population had lower serum LDL-C and ApoB levels, a higher ApoA1 level and a higher ApoA1/ApoB ratio than the subjects with the GG genotype, but these results were restricted to females. Serum total TC, LDL-C, ApoB levels and the ApoA1/ApoB ratio in Han females were different among the genotypes. The subjects with the GA/AA genotype had lower TC, LDL-C, ApoB levels and a higher ApoA1/ApoB ratio than the subjects with the GG genotype. These results suggest that there may be an ethnic-and gender-specific association of the ANGPTL8 rs2278426 SNP and serum lipid levels in the populations investigated in the present study.
In conclusion, the present study detected an association of the ANGPTL8 rs2278426 SNP and numerous environmental factors with serum lipid profiles; however, there are still many environmental and genetic factors, and their interactions, that have yet to be measured. Therefore, the association of gene-gene, gene-environment, and environment-environment interactions with serum lipid levels remains to be elucidated.
